Three-dimensional reconstruction of the intercalated disc including the intercellular junctions by applying volume scanning electron microscopy.
The intercalated disc (ID) contains different kinds of intercellular junctions: gap junctions (GJs), desmosomes and areae compositae, essential for adhesion and communication between adjacent cardiomyocytes. The junctions can be identified based on their morphology when imaged using transmission electron microscopy (TEM), however, only with very limited information in the z-dimension. The application of volume EM techniques can give insight into the three-dimensional (3-D) organization of complex biological structures. In this study, we generated 3-D datasets using serial block-face scanning electron microscopy (SBF-SEM) and focused ion beam SEM (FIB-SEM), the latter resulting in datasets with 5 nm isotropic voxels. We visualized cardiomyocytes in murine ventricular heart tissue and, for the first time, we could three-dimensionally reconstruct the ID including desmosomes and GJs with 5 nm precision in a large volume. Results show in three dimensions a highly folded structure of the ID, with the presence of GJs and desmosomes in both plicae and interplicae regions. We observed close contact of GJs with mitochondria and a variable spatial distribution of the junctions. Based on measurements of the shape of the intercellular junctions in 3-D, it is seen that GJs and desmosomes vary in size, depending on the region within the ID. This demonstrates that volume EM is essential to visualize morphological changes and its potential to quantitatively determine structural changes between normal and pathological conditions, e.g., cardiomyopathies.